Pesticide exposure is a major health risk factor among agricultural workers, and poor protective behavior and a lack of awareness concerning the risks of pesticide use in developing countries may increase the intensity of pesticide exposure. This cross-sectional study aimed to explore the relationship between neurologic symptoms and protective behavior and awareness in relation to pesticide use in China. Latent class cluster analysis was used to categorize participants into 3 latent cluster subgroups, namely, a poor protective behavior subgroup, an excellent protective awareness and behavior subgroup, and a poor protective awareness subgroup, using a person-centered approach. Multivariate regression models were used to detect the association between the latent class cluster subgroups and self-reported neurologic symptoms. The results showed that poor protective behavior in pesticide use was an important negative predicator of neurologic symptoms such as reduced sleep quality, frequency of nightmares, debility, hypopsia, and hypomnesis. These findings suggest that targeted interventions for agricultural workers, especially local greenhouse farmers, are urgently needed to improve pesticide protection behavior.
Introduction
Pesticide has been widely used in the agricultural sector because of its superiority in preventing and controlling the pests. [1] An association between pesticide exposure and adverse health effects has been reported within developing countries, [2] [3] [4] frequently because of a lower level of protection awareness and lack of suitable equipment, as well as insufficient information on the correct specifications for pesticide use in the spraying process for farmers. As in developing countries, [5] [6] [7] pesticide misuse has also occurred in China, because of erroneous perceptions concerning pesticide use and subsequent high-risk behavior among farmers and other agricultural workers. During the farming process, frequent inappropriate use of pesticides has been reported among low-and middle-income communities, especially in rural areas. [8] Overall, pesticide poisoning caused through ignoring or deliberately not following pesticide spray regulations has been acknowledged as a serious public health concern in agricultural communities. [3, 9] In contrast to open-field agricultural practices, greenhouse farming has several distinctive features, such as relative spatial isolation, high temperature and humidity, and a long-term operational timeframe, involving a greater likelihood of introducing significant amounts of hazardous substances into the air and, therefore, an increased risk owing to higher pesticide exposure intensity. Subsequently, adverse health effects as a consequence of cumulative poisoning are more likely to emerge. Concerning greenhouse farmers, a poor knowledge of spray use and a lower rate of awareness and appropriate practice related to pesticide protection have been reported in outlying areas in Yinchuan, China. [10] Despite efforts made by the Chinese government to promote the safe use of pesticide sprays, [11] abuse and improper use of pesticide sprays among farmers remain widespread. To date, few studies have examined the association between pesticide spray behavior and awareness and health outcomes among the farmers, especially those involved in vegetable greenhouse farming, in China. However, and particularly in relation to neurologic outcomes, such as sleep disorders, obtaining relevant evidence to assess the association between pesticide spray behavior and protection awareness appears necessary.
As distinct from creating subjectively based divisions or using a variable-centered dimensionality reduction method, latent class analysis (LCA) is a "person-centered" approach that groups similar individuals into categories. [12] Its advantage lies in categorizing a population into distinct groups based on objectively determined distribution features and characteristics, which enhances data quality and accurate assessment. In recent years, LCA has been used in psychology, birth defect screening, [13, 14] health assessments, and in relation to high-risk populations identified as requiring clinical treatment. [15] Although LCA has been used more often in the public health domain, it has also been used in occupational epidemiology. This study aimed to assess the distribution of neurologic symptoms among latent clusters that were split in terms of pesticide use behavior and awareness characteristics.
Materials and methods

Data source and study design
A cross-sectional study was conducted from 2015 to 2017 in Yinchuan city, in western China. Four long-term co-operative vegetable greenhouse villages were selected as investigation sites, and, in each year, a different "team" (a "team" refers to a basic operational unit in Chinese rural areas, with one village usually providing at least three teams) was selected to be surveyed, using a simple sampling method.
Adults aged >18 years who had lived at their current address for at least 5 years and who had been engaged in vegetable farming in greenhouses for >1 year were eligible for inclusion in the study. All eligible villagers in the sample teams were invited to participate and a total of 1368 greenhouse farmers agreed to take part in the study. The study design and protocol were approved by the Medical Ethics Committee of Ningxia Medical University (No. 2014-090), and verbal consent was obtained from participants before the investigation.
Protective awareness and behavior in relation to pesticide spray use
A 12-question questionnaire was used to estimate the extent of protective awareness and behavior concerning pesticide use among the participants, and the corresponding information was collated by a trained investigator. The details on information derived from the questionnaire are shown in Table 1 . In the subsequent analysis and in accordance with previous research [16, 17] , a comprehensive index reflecting pesticide protective awareness and behavior has been calculated, based on the variables derived from Table 1 .
Neurological symptoms
Sleep disorders and debility, hypopsia, hypomnesis, loss of interest, and dizziness were considered as neurological symptoms. The related information derived from the questionnaires is shown in Table 2 .
Covariates
The covariates of interest included demographic and socioeconomic factors, diagnosed history of disease, lifestyle and dietary habits, and basic information concerning the participants' involvement in greenhouse vegetable farming. Demographic and socioeconomic factors comprised family size, sex, ethnicity, age, educational level, marital status, and household income. Information collected on diagnosed history of disease included whether chronic disease had been diagnosed >1 year before or diagnosed within the previous year. Information on lifestyle and dietary habits, such as smoking status, frequency of alcohol consumption, exercise habits, and breakfast habit s, and on the participants' salt intake situation, was collected, as well as basic information on their involvement in greenhouse vegetable farming, such as the number of years spent in greenhouse farming, the per capita planting area they worked within, and the number of working hours spent in the greenhouse each day. The descriptions and distribution of the covariates are shown in Table S1 , http://links.lww.com/MD/D140.
Statistical analysis
Latent class cluster analysis (LCA) was used to identify potential clusters of individuals with similar profiles within the 10 selected variables in relation to protective awareness and behavior concerning pesticide spray use. LCA analysis was performed using Mplus version 7.4 (Linda Muthén & Bengt Muthén). The best model was chosen according to goodness-of-fit indicators, such as BIC (Bayesian information criterion), AIC (Akaike information criterion), aBIC (sample-size adjusted BIC), and entropy (ranging from 0 to 1). A smaller BIC, AIC, and aBIC indicate a better model; higher entropy shows a higher classification accuracy.
Descriptive statistics included frequency and percentiles for categorical variables, and arithmetic mean and standard deviation for continuous variables. Analysis of variance (ANOVA), a x 2 test, and Fisher exact test were used to assess differences among latent clusters for continuous and categorical variables, respectively. Multivariate regression models such as multinomial logistic regression, ordinal logistic regression, or linear regression were employed to detect the association between differing pesticide spray awareness and behavior clusters and neurological symptoms. A latent cluster was set as a dummy variable in the models, with cluster 2 set as the reference group. When the proportion odds assumption was met, then ordinal logistic regression was selected; otherwise multinomial logistic regression was used. All these analyses were performed using Stata version 15.0 (STATA Corporation, College Station, TX).
In multivariate regression analysis, hypnotic drug use and sleep apnea were categorized into 2-level variables (Yes and No), because of 15 participants reporting that they needed medication to help with sleeping, and 5% of participants reporting sleep apnea. A Poisson regression model was used to explore the association between neurologic symptoms and awareness and behavior concerning pesticide use. Regarding neurologic symptoms, only 2 participants reported serious debility, whereas 1 participant initially reported serious hypomnesis, and then reduced it to moderate level. Eight different confoundingadjusted models were employed.
Results
LCA results: clustering of pesticide spray behavior and awareness factors
In this study, 5 cluster models were considered, and the comparison results are shown in Table 3 . Model 3 had lower Table 1 Questions, response options, and items concerning pesticide spray behavior and awareness.
Questions
Response options and scores Questionnaire items
Are you using mixed pesticides? Never used mixing = 0 Less than 50% of the time = 3 More than 50% of the time = 9
Mixing status How do you spray pesticides? Hand spray = 8 Machine Spray = 1 Mix spray = 4
Application method
In the process of spraying, do you engage in the following behavior?
Spray-use behavior
What are the protective measures you use when using pesticides? (multiple choice) Figure 1 shows the cluster-specific probabilities of pesticide spray behavior and protective awareness for the 3-cluster model. Cluster 1 showed a high score for not checking the spray machine before and during the spray procedure, indicating poor awareness for this Cluster 1 subgroup (the poor awareness subgroup), which comprised 177 participants and accounted for 12.94% of the overall participants. Cluster 2 showed a lower score across all 10 items, indicating excellent protective awareness and behavior for this Cluster 2 subgroup (the excellent protection subgroup), which comprised 1078 participants and accounted for 78.80% of the overall participants. A high score for inappropriate behavior while spraying was detected in Cluster 3, indicating poor behavior for this Custer 3 subgroup (the poor behavior subgroup), which comprised 113 participants and accounted for 8.26% of the overall participants. Table 3 Goodness-of-fit measurements of 5 different cluster models in relation to pesticide spray protection awareness and behavior. 3.2. Basic information distribution among the clusters Demographic information concerning each cluster is shown in Table 4 . Information concerning the number of family members, income status, and days spent working in the greenhouse differed significantly among the 3 clusters. More participants with higher incomes were found in the excellent protection subgroup than in the other subgroups. Less protective behavior in the poor behavior subgroup was related to a lower number of days working in the greenhouse compared to the other 2 groups. Table 4 Demographic and socioeconomic information distribution and differences among the clusters. 
Variables
Results of Comparing neurologic symptoms among the 3 clusters
Seven sleep-related neurological symptoms and 5 self-rated other issues were compared among the 3 latent clusters, as shown in Table 5 . Sleep quality, nightmare frequency, and sleep disorder frequency showed significant variations among the clusters. Higher nightmare frequency was found in the poor behavior subgroup than in the other 2 groups, and greater sleep disorder frequency occurred in the poor awareness subgroup. All the 5 other neurologic symptoms showed significant distribution, with a high frequency of weakness, hypopsia, and hypomnesis observed in the poor behavior subgroup and a high frequency of dizziness in the poor awareness subgroup. Interestingly, there was moderate-frequency loss of interest Table 5 Distribution of neurologic symptoms and differences in relation to awareness and behavior concerning pesticide use among the latent cluster subgroups.
Neurologic symptoms
Poor Table 6 . There was no association between sleep duration and the latent clusters, although consistent results from the poor behavior subgroup showed a >2-fold possibility of poorer self-rated sleep quality compared with the excellent sleep quality status as observed across the 8 models in relation to the excellent protection subgroup. Similar results were recorded concerning nightmare frequency, with a just >2-fold greater nightmare frequency at least once a week occurring in the poor behavior subgroup compared to those not experiencing nightmares, and, for the participants in the poor behavior subgroup with nightmare frequency of >3 times per week, the estimate incidence-rate ratios were 0.11, with these results being consistent from model 1 to model 8. The results showed a nearly 2-fold greater likelihood of sleep disorders in the poor awareness subgroup than in the excellent protection subgroup, which was consistent across the models. For other sleep disorders, insufficient evidence was found to determine any significant associations within the latent clusters.
Neurologic symptoms.
Relationships between the latent clusters and non-sleep disorder symptoms are shown in Table 7 .
Although debility was significantly found in the poor behavior subgroup in Models 1 to 4, the association became insignificant after the potential confounding factors being controlled, which suggested that potential confounding factors could mediate/ moderate the relationship. Similarly, an association was observed between both hypopsia and hypomnesis in relation to the poor behavior subgroup, with a 1.8-fold likelihood of an increase in the prevalence of risk compared to the excellent protection subgroup. However, for symptoms involving loss of interest and dizziness, the results demonstrated that participants in the poor behavior subgroup had a lower likelihood of prevalence, which was consistent across the models. This counterintuitive result requires further research to verify and explain it.
Discussion
Through using LCA, 3 distinct cluster subgroups among greenhouse farmers were identified. We found that the poor behavior subgroup had a greater likelihood of reporting neurologic symptoms than the poor awareness subgroup. Although there has been little previous research exploring the links between pesticide spray protection awareness and behavior among greenhouse farmers, we found in this study that poor protection behavior was associated with sleep disorders and neurologic symptoms, which is similar to results from previous studies showing that the frequency of pesticide use was positively associated with neurobehavioral and neurologic symptoms. [3, 11] Neurologic dysfunction has been defined as a major health hazard symptom in a previous study. [11] One longitudinal study has shown that chlorpyrifos exposure causes neurological symptoms. [18] Other studies have also found an association between specific pesticides and neurologic symptoms in Asia [19] and other developing countries. [20] However, measuring specific pesticide exposure does not necessarily reflect a farmer's actual exposure level in their daily work because pesticide exposure is a dynamic process that can be influenced through other unobserved confounding factors. Taking into consideration factors such as knowledge, practice, and attitudes regarding pesticides can help clarify findings on the effects of pesticide on health, as shown in a previous study involving a low-income country. [20] Exploring both the extent of awareness concerning pesticide use as well as behavior in relation to pesticide use is more likely to provide a more accurate reflection of farmers' actual exposure levels.
Pesticide spray practice and the corresponding level of protection reveal an important exposure pathway, with little or no protection increasing the possibility of pesticide exposure and negative effects on health. [21] Poor behavior in relation to pesticide use was found in our study to have an increased odds ratio of poor sleep quality and nightmare frequency; therefore, given that a negative relationship between lengthy working hours and workers' sleep quality has been found among agricultural workers [22] and that long-term organophosphorus exposure has been observed to negatively influence sleep quality among Chinese farmers; [23] our findings in conjunction with previous findings suggest that poor behavior concerning pesticide use is likely to increase the intensity levels of pesticide exposure, requiring improvements and reform in the provisions and regulations concerning protection equipment for farmers. Reduced sleep quality is associated with metabolic syndrome, [24] youth ischemic stroke, [25] and poorer health. A clear relationship between the level of protection awareness in relation to pesticide use and suffering from sleep disorders was identified in this study. Poor awareness affects the ability to take protective action and increases the possibility of greater pesticide exposure, with further negative health effects through increasing neurologic symptoms.
Apart from sleep disorders, the results obtained in this study concerning the poor behavior subgroup in relation to pesticide use showed that this subgroup had an increased likelihood of hypopsia and hypomnesis compared with the excellent protection subgroup. An average 1.8-fold odds ratio difference was detected. This was smaller than in a previous study assessing pesticide exposure. [11] This variation was possibly because our study focused on awareness and behavior in relation to pesticide use, which did not consider testing for pesticide residual effects within the body that might have influenced the effect intensity. Debility is one bodily adverse reaction to the effects of pesticide, which can involve inhibition of cholinesterase activity and negatively affect hematological, renal,, and hepatic indices, [26] as well as lead to butyrylcholinesterase inhibition. [27] The results of our study in relation to hypopsia were consistent with conclusions from a previous study, [27] and has been found that long-term exposure to pesticides showed disturbances in perceptive and visuospatial processing. [28] The likelihood of hypomnesis was also shown to be associated with poor behavior in relation to pesticide use. Previous studies have shown that lower scores in the recall of a logical story (involving the logical memory) could be related to pesticide exposure, [27] whereas experimental results have shown that there is memory impairment at the GABAA receptor level in rats under pesticide exposure, [29] and that memory interruption occurs in the spatial working memories of bees owing to pesticide exposure. [30] Further study is needed to clarify the relevant mechanisms in humans through clinical or experiment research. An interesting finding in this study was that loss of interest and dizziness were positively associated with poor behavior in relation to pesticide 98:30 www.md-journal.com Table 6 Multivariable results of the association between sleep disorder and awareness and behavior concerning pesticide use among the latent clusters. use, which requires further study to determine more precisely what is involved here.
Models
Overall, this study found that poor pesticide protection behavior was more likely to result in impairments to health than poor awareness of pesticide use, which we consider to be a major finding. The strength of this study was that it used LCA to divide farmers into different groups in relation to pesticide awareness and behavior via a person-centered method, which reduced the risk of misclassification and improved the accuracy of the analyses. Numerous predictors of pesticide protection awareness and behavior were used to classify the latent clusters as precisely as possible and 12 questions were used to reflect the neurologic symptoms more comprehensively. However, this study has some limitations. First, the cross-sectional study design had a limited opportunity to draw causal inferences. Second, all the variables in our study were collected through self-reporting, which leaded to some degree of information bias that might have affected our results. Third, as our results were derived from an observational study, potential mechanisms that might have explained our results could not be explored. Therefore, for further related research, clinical diagnoses and a cohort study design would be needed to explore the causal relationship more effectively.
Conclusions
Three distinct latent clusters in relation to awareness and behavior concerning pesticide use were determined, namely a poor awareness subgroup, an excellent protection subgroup, and a poor behavior subgroup, involving a sample of greenhouse farmers from outlying areas in Yinchuan in China. There was a greater association between participants in the poor behavior subgroup and adverse neurologic symptoms than among participants in the other subgroups. Sleep disorders, sleep quality, and nightmare frequency were negatively associated with poor behavior, as were hypopsia and hypomnesis. However, there was one clear association found between the levels of awareness concerning pesticide use and suffering from sleep disorders. These findings suggest that targeted interventions to help local greenhouse farmers improve their pesticide protection behavior are urgently needed. In the meantime, it is recommended that local farmers be provided with or encouraged to buy high-quality protective equipment. Finally, despite our results not confirming that awareness concerning the proper use of pesticides can be decisively linked with the onset of neurologic symptoms, we would still recommend that further education concerning pesticide protection is necessary. 
